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1. SCOPE

1.1 This test nmethod covers | aboratory determ nation of the air content of
hardened Portland cenent concrete with the use of the Hi gh Pressure Air Meter. This
determ nation is nade fromthe observati on of change in |inear piston novenent with a
specinmen in the test chanber, fromthat of the linear piston novement with no
specinmen in the test chanber. This change is due to a specific volunme of
conpressi bl e entrained air being replaced with a specific volume of inconpressible
water. This test nethod al so covers the determination of the plastic air content of
concrete tested using the high pressure nethod based on a statistical relationship
bet ween hardened and plastic air content.

1.2 The values stated in either SI netric or acceptable English units are to
be regarded separately as standard, as appropriate for a specification with which
this ITMis used. Wthin the text, English units are shown in parenthesis. The
val ues stated in each system nay not be exact equival ents; therefore each system
shal | be used independently of the other, without conbining values in any way.

1.3 This | TM nay invol ve hazardous naterials, operations, and equiprent.
This | TM does not purport to address all of the safety probl ens associated with the
| TMs use. The ITMuser's responsibility is to establish appropriate safety and
health practices and deternine the applicability of regulatory limtations prior to
use.

2.0 REFERENCED DOCUMENTS
2.1 AASHTO St andards
T 152 Air Content of Freshly M xed Concrete by the Pressure Met hod.
3.0 TERM NOLOGY
3.1 Terms and Abbreviations. Definitions for terms and abbreviations shal
g: }glﬁgagrdance with the Department’s Standard Specifications, Section 101, except

3.1 Terns and Abbrevi ati ons

3.1.1 Linear Piston Mwvenent, LPM The linear piston novenent is the travel of
the hydraulic piston with a specinmen in the test chanber.

3.1.2 Initial Value, INIT. The initial value is the stabilized travel of the
hydraulic piston with no specinmen in the test chanber.

4. SI GNI FI CANCE AND USE

4.1 This test nethod covers deternination of the air content of hardened
concrete exclusive of any air that may be inside voids within aggregate particles.
Therefore, determ nation of an aggregate correction factor, in accordance with the
applicabl e requirements of AASHTO T 152, is required.



5. APPARATUS

5.1 Hi gh Pressure Air Meter

5.1.1 Hydraulic Punmp and Hydraulic Cylinder. A specially designed unit
conbining a hydraulic punmp and a hydraulic cylinder enployed to supply the 34 470 kPa
(5000 psi) load required to force water into a concrete specinen in the test chanber.
The unit is supplied air pressure, which is converted to water pressure by novenent
of the hydraulic piston.

5.1.2 Test Chanber. A specially designed stainless steel seanm ess tube secured
with a stainless steel plate, at the bottom and a stainless steel lid, at the top
This chanmber is designed to contain water under pressure.

5.1.3 The System The hydraulic cylinder, of known volune, is attached to the
test chanmber, of known volune, that is conpletely filled with deionized water. This
is done in order to enable load fromthe hydraulic punp to be applied to the test
chanmber. The systemis equipped with a dial gage accurate to 0.0254 mMmm (0.001 in) in
order to neasure the novenent of the hydraulic piston. Volune displacenment is
det erm ned by the nmeasured novenent of the hydraulic piston

6. SAMPLI NG

6.1 otain a sound concrete sanple free of steel reinforcenent. The sanple
must be of suitable size to fit into the test chanmber. The dianeter of the stainless
steel lidis 173 nm (6.8 in.) and the depth of the seam ess tube is 480 nm (16.9
in.).

7. PREPARATI ON OF THE TEST SPECI MEN

7.1 Oven Drying. |In order to ensure uniformty of each concrete sanple the
specimen is oven dried for 72 hours at 138-149 °C (280-300 °F).

7.2 Saturation. Air voids in concrete capable of absorbing water easily,
entrapped air, cannot be considered entrained air. The air content deternination
nmust be made on concrete in the fully saturated condition. For this reason, after
t he speci nens are oven dried, they nust be saturated in 22 +

1°C (72 £ 2 °F) water for a period of 40-48 hours.

7.3 Unit Mass (Weight). Deternine the unit nmass (weight) of the concrete
sanple in accordance with T 121

8. PREPARATI ON OF TEST EQUI PMENT
8.1 Precondi tioning the Water

8.1.1 Prior to opening the test chanber, close all valves except the valve
posi ti oned between the test chanber and the hydraulic cylinder. Renove the Iid of
the test chanmber by | oosening the wing nut, at the top, thereby releasing the stee
cross bar used to secure the lid. Tilt the Iid and renove fromthe chanber by
aligning the flat sides of the lid with the flat sides of the test chanber.

8.1.2 Conpletely fill the test chanber with deionized water. Renove the
pressure gage and replace it with a plug capable of withstanding a 206 kPa (30 psi)
vacuum Apply teflon tape to the plug, prior to installation. Place the vacuumlid
over the top of the test chanber. It nay be necessary to apply vacuum grease to the
Oring of the vacuumlid to prevent |eakage.

8. 1.3 Engage the vacuum by turning on the power and opening the val ves
connecting the vacuumlid to the vacuum hose and the vacuum hose to the vacuum The
pressure gage should read at |east 170 kPa (25 psi). Apply the vacuumuntil air
bubbl es being pulled to the surface are no longer visible, this may be done
overnight. The vacuumis applied to renmove as much air as possible prior to the
determ nation of the initial value.

8. 1. 4 Disengage the vacuum by cl osing the val ves previously opened and turning
of f the power. The gage should return to zero. Apply teflon tape to the pressure
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gage and replace the plug with the pressure gage. Replace the vacuumlid with the
test chanmber |id, do not secure |id.

8.2. Bleeding the System The systemis bled to renove all entrapped air
bubbl es that nay have devel oped throughout the workings of the high pressure air
nmeter. This is done by forcing water through the system

8.2.1 Close the valve positioned between the test chanmber and the hydraulic
cylinder. Open the drainage valve positioned at the bottomof the test chanber.
Allow water to freely flow fromthe drainage hose to ensure no entrapped air. C ose
drai nage val ve, and secure chanber lid by placing cross bar over the top of the lid
and tightening the wing nut.

8.2.2 (Open the valve connected to the graduated cylinder |ocated at the top of
the test chanmber. Fill the graduated cylinder with water. Open the val ve opposite
this valve and allow gravity to force water through the test chanber. Do not allow
water to splatter onto the high pressure air neter. Continue until no air bubbles
are visible and the height of the water in the graduated cylinder reads 50 m or
below. Do not allow the water to conpletely drain, if this does occur go back to
8.2.1 and repeat. C ose valve opposite valve attached to graduated cylinder

8.2.3 (Open val ve positioned between the test chanber and the hydraulic
cylinder. Use the hydraulic punp, in the load position, to force water through the
system Water will be forced into the graduated cylinder, continue in the | oad
position until the graduated cylinder is filled. Reverse hydraulic punp to rel ease
position and drain the graduated cylinder. Continue process until no air bubbles
appear in the graduated cylinder. Cose valve attached to the graduated cyli nder
The val ve positioned between the test chanber and the hydraulic cylinder must remain
open.

9. PROCEDURE
9.1 Determ nation of the Initial Value

9.1.1 Place the hydraulic punp in the load position. Apply the load until the
pressure in the test chanber is exactly 34 470 kPa (5000 psi). Record the val ue read
fromthe dial indicator attached to the hydraulic ram on Appendi x A Rel ease t he
load very slowy, if the load is released to quickly the well holding the hydraulic
fluid will overflow. Bleed the systemas identified in 8.2, beginning at 8.2.2.

9.1.2 Repeat this process until the difference in subsequent LPMis 0.0762 nm
(0.003 in) or less. This value is considered the INIT, record all readings on form
A, Appendi x A

9.2 Testing Hardened Concrete Specinmen

9.2.1 Renove the |id of the test chanber. Open the drai nage valve to rel ease
vol une of water approximately equal to volunme of the test specinen. Place test
specimen in test chanber using forceps, it is crucial that the water in the test
chanmber is disturbed as little as possible. This is to prevent introduction of air
into water within the test chanmber. Bleed the systemas identified in 8.2 beginning
at 8.2.2 Place the |lid on the test chanber and secure.

9.2.2 Check all valves, except valve positioned between the test chanber and
the hydraulic cylinder, to nake certain that they are tightly closed. The valve
posi ti oned between the test chanber and the hydraulic cylinder must renain open
Apply load until pressure in the test chamber is exactly 34 470 kPa (5000 psi).

9.2.3 Inmedi ately record the value read fromthe dial indicator identifying the
LPM Record the tinme of the reading and hold the 34 470 kPa (5000 psi) load. The
LPM neasured via the dial indicator nust be recorded at 5 minute intervals. This
val ue should only be read when the pressure in the test chanmber is at 34 470 kPa
(5000 psi).

9.2.4 It will be necessary to reapply the pressure |ost due to the conpression

of air, in the test specinen, within the first 5 nmnutes of testing. It may be
necessary to reapply pressure at subsequent 5 minute tine intervals, to maintain the
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34 470 kPa (5000 psi) load. Maintain the 34 470 kPa (5000 psi) load until the
noverment of the piston remains the same for 15 mnutes. Record this stabilized LPM
on form B, Appendix B

9.2.5 Record the INIT value obtained in 9.1 on form B, Appendix B
10. COVPLETI ON OF THE TEST PROCEDURE

10.1 Open the lid of the test chanber and renpve the specinmen fromthe test
chanber.

10.1.1 If testing is conplete replace water renoved fromthe test chanber and
close the lid of the test chanber.

10.1.2 |If additional testing is required repeat process beginning with 8.2.
11. CALCULATI ON

11.1 Calculate the volune of the test specinen as foll ows:

Metric
Vol ume = [ kg / kg/ m? * (1000 nmmim)?3
SSD UNIT MASS (WI)
Vol une = e
Engl i sh
Vol unme = | kg / 0.4535924 kg/lbs. * (12 in/ft)3 |/ pcf
SSD UNI T MASS (W)
Vol une = in

11.2 Calculate the hardened air content of the test specinen

Metric
Hardened Air Content = {[462121.65 * (___ - ) 1/ } + 1.46 -
LPM INT Vol une Agg. Correction
Hardened Air Content = %
Engl i sh
Hardened Air Content = {[716.29 * ( - ) 1/ } + 1.46 -
LPM INT Vol une Agg. Correction
Hardened Air Content = %

11.3 Calculate the plastic air content of the test specinen
Plastic Air Content = (Hardened Air Content - 1.53) / 0.9
Plastic Air Content = %
12. REPORT
12.1 Record the hardened concrete air content.
12.2 Record the plastic concrete air content.
APPENDI X A
Hi gh Pressure Air Content of Hardened Portland Cenent Concrete

I TM 401A
I NI TI AL VALUE DETERM NATI ON
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